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Abstract 



We use momentum correlations as physical observables in B K*l^l^ 

decays with K* polarized to study the long distance contributions. We show 

that these observables are sensitive to the scenarios of the long distance 

parametrizations. We find that the T-odd observable is directly related to 

the nonfactorizable effect in the standard model. 
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The study of flavor changing neutral currents (FCNCs) in B decays has an enormous 
progress since the CLEO observation |l|] of 6 ^ 57. Recently, the process of B —>■ Kl'^l~ has 
been also observed at the Belle detector in the KEKB e+e^ storage ring. It is known that 
the radiative 6 — 57 and semileptonic b — > s/+Z~ FCNC decays p| in the standard model 
(SM) provide us with information on not only the Cabibbo-Kobayashi-Maskawa (CKM) 
matrix elements but also physics beyond the SM. Moreover, for b sl^l^ , new operators 
such as those from the box and Z-penguin diagrams can escape the strict constraint from 
b ^ S'j and, therefore, the new physics effect could be sizable. 

In addition to the short-distance (SD) contributions, the long-distant (LD) contributions 
to 6 ^ 57 {sl^l~), arising from the charm (c) quark pair bound states, should be taken 
into account. It is known that the LD effect in 6 57 is only a few percent and negligible, 
whereas it is the main part to the decay rate in 6 — > sl^l^ . However, the parametrization 
of the LD contributions is not unique and has an uncertainty of about 20% for the decay 
branching ratios (BRs) of 6 ^ sl^l^ In order to test the SM and flnd new physics, it 
is of important to extract such theoretical uncertainty. To distinguish various theoretical 
parametrizations, it is interesting to see if we can flnd some measurable physical observables 
which are dominated by the LD parts. 

In this paper, we will study the LD effects by considering the exclusive B — » K*l^l~ de- 
cays with the polarized K* meson. We will deflne some useful observables by the momentum 
correlations, especially those related to T-odd operators. In a three-body decay, it is known 
that the simplest T-odd operator is the triple correlations given by s- {pi x pj) where s is the 
spin vector of an outgoing particle and pi and pj denote any two independent momentum 
vectors. In terms of the CPT invariant theorem, T violation (TV) implies CP violation 
(CPV). Therefore, studying of T-odd observables could help us to understand the origin of 
CPV. We note that the T-odd observables such as the triple correlations are only associated 
with the imaginary parts of relevant dynamical variables. That is, even there is no weak 
CP phase, these observables may not vanish if a strong phase or absorptive part exists. In 
the SM, since the CKM matrix element of VtbV^* involved in the process of -B ^ K*l^l~ 
contains no phase, the T-odd observables can be only generated through the LD effects. 
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Hence, these observables can be used to test the parametrizations of LD effects. In the 
decays of B ^ K*l^l^ (/ = e, fi, and r), the spin s can be the polarized lepton, si, or the K* 
meson, e*(A). For the polarized lepton, since the T-odd transverse lepton polarization flips 
the helicity and thus it is always associated with the lepton mass, we expect that this type of 
T violating effects is suppressed and less than 1% for the light lepton modes 0. Such effect 
is also negligible for the r mode due to the small decay branching ratio. In this paper, we 
will concentrate on the light lepton modes with only K* polarized and set the lepton masses 
to be zero, i.e., rrii = 0. 

We start by writing the effective Hamiltonian for 6 — s as 



n 



GpaVtbV* 



with 



where Cj {i = 7, 9, 10) are the Wilson coefficients (WCs) and their expressions can be found 
in Ref. for the SM. Since the operator associated with Cio is not renormalized under the 
QCD, it does not depend on the renormalization scale. As mentioned before, besides the 
short- distance (SD) contributions, the main effect on the BR comes from cc resonant states 
such as and \E''. In the literature |l5|,|8|-[12| , it has been suggested to combine the factorization 



assumption (FA) and vector meson dominance (VMD) approximation in estimating LD 
effects. As a consequence, these effects can be absorbed to the relevant WC of Cg. For 
comparing the different parametrizations, we adopt three scenarios in the literature for the 
effective WC of Cg: 
(I) By defining 

{0\cj,c\V{q))=e,fviq'), (2) 

where denotes the polarization vector of V, and fixing fvio^) at the V mass-shell with 
= rriy, one has that 
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where s) describes the one-loop matrix elements of operators Oi = Sa'^^Pib/s cp'^^PiCa 
and O2 = s'-y'^Pib c'-y^Pic 0, My (Tv) are the masses (widths) of intermediate states, and the 
factors kv ~ 2.3 are phenomenological parameters for compensating the approximations of 
the FA and VMD and reproducing the correct branching ratios Br {B —>■ J/'^X l^l~X) = 
Br {B J/^X) X Br (J/^ —>■ l^l^). Here, we have neglected the small Wilson coefficients. 
(II) By parametrizing fv{.<f) as [^] 



Mq') = fv{^) [l + ^{dy-hy (g^)) 



(4) 



where c^(^') = 0.54 (0.77), = 0.043 and 
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with r ^ /my for < < ruy and fvi.^f') = fvimy) for > rriy, one gets that 

\ a\^,^,f{,{mi,)q^-M{,-iMvT^ 



(5) 



(III) With the measurement of Rhad{.<f) = cr(e+e — > hadron) / a{e^e fi^fi ) and the 



dispersion relation |12], one finds that 



CI" = C, (/i) + Y'{s) + (3Ci ifi) + C2 (/i)) {Reg{m,, s) + ilmg{m,, s)) 



(6) 



where rhc = rric/mh, s = q^ /ml, Y'{s) is defined in Ref. [0], and 
Regimes) ■ 
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Img{m,,s) = -R^As) , RLdis) = RTont (s) + RTes (s) , 

where P denotes the principal value and R^^nt i^) R'^l^ (s) are the contributions of con- 
tinuum and resonant states with the explicit expressions given by 

for < s < 0.60 

-6.8 + 11.33s for 0.60 <s< 0.69 
1.02 for 0.69 < s < 1, 



^cont i^) 
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In Figure we plot the real and imaginary parts of Cg^^ for the three scenarios. From 
the figure, we clearly see that the results for ReCg^^ in (I) and (III) are close to each other 
and slightly different from that in (II), whereas that for IniCl^^ in (I) and (II) are almost 
the same but quite different from (III). 

In addition, we note that the LD contributions to BR{B —>■ K*'~f) are pure nonfactor- 



izable effects and only at a few percent level |13|, whereas they are enormous around cc 



resonant states for B — ^ K*l^l . From Ref. \^M, similar to the factorizable effects to Cg, 



the nonfactorizable contributions to 6 — 57 can be put into C7, given by 

C'," = Cr (/x) + ivACi" (/x) (7) 

with ACg^^ (yu) = Cg^-^ (/i) — Cg (/i), whcrc u parametrizes the magnitude of the ratio of 
nonfactorizable and factorizable parts. By satisfying the present experimental constraint 
on BR{B — * K*'y) at = 0, we set u < 0.15. If the uj effect is displayed exclusively, 
we can directly demonstrate the magnitude of nonfactorizable effects. We also note that 
nonfactorizable effects in i? ^ K* decays have been computed systematically in the QCD 
factorization approach [p^ . 

For B K*l^l^ decays, the relevant transition form factors can be parametrized as 

< K*{p2,e)\-s^,h\B{p{) > = tV{q^)e,o.p,e*"P''qP, 

<K*ip2,e)\s^,^,b\Bip^) > =Aoiq')e; + e*-q{A^{q')P, + A,iq')q, 

< K*{p2,e)\sta^,q''b\B{pi) > = iT{q^)e^^ppe*'^P^qP , 

<K*ip2,e)\sta,,q^^,b\Bip^)> = -T,{q^y^- ■ q{T,{q^)P, + Uq^)q,) , (8) 

where P = Pi + P2 and q = Pi — P2- The correspondences between our notations and those 
used in the literature can be found in the Appendix of Ref. |jl6| . The transition amplitude 
for B —>■ K*l^l~ is then obtained to be 

M^H = ^^^^P [M^^L^ + Mi'jL^^} (9) 
with Mf^^^ = 2/ii((7i)e^.a/3e*"(A)PV + /^2((?2)e;(A) + h{gs)e* ■ qP^ where 
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q^ 

h = -Cl''{f^)A,{q') + ^a^^if^mq'), 

q^ 

9i = C,,V{q^), = -C^oAo{q'), = -C,,A,{q^). (10) 

To have a non-zero T-odd observable, the term of e^;/a/35''^e*^(A)pf is needed. To get 
this, we have to study the processes of i? — K*l^l^ — > {K'k)1^1^ so that the polariza- 
tions A and A' in the differential decay rate, written as dV oc H{\, A') M-^k* ■^^k*'^ with 
H{X,X') = e(A) ■ pk e*(A') ■ Pk, can be different. From Eq. (H), we see that M.'^^J only 
depends on Cio- Clearly, the T violating effects can not be generated from A^2/!^^-M2/!^'''^ 
but induced from M[^jMf;^)^ and M[^jMi^)l This can be understood as follows. For the 
Mi^^M^^J'^TrL'^L^' contribution, the relevant T-odd terms can be roughly expressed by 

M[''jM[';i)^TrL>^L>^' oc ZJmhhleiO) ■ qe^^^^q^^e*" i±)pr+P^ 

+Z2lmhh;eiO) ■ pi+E^,^fsq^e*''{±)p'^+P^ 
+Z^Imhrhle{T) ■ Pi+e^,^pq^e*^{±)p1+P^ (11) 

where (i = 1, 2, 3) are functions of kinematic variables and independent of C^^^ and C^^^ . 
From Eq. (0), one gets Imhih^ ~ Imhih'^ ~ ImC^^ ^ {ii)Cy^ ^ {ii) . We note that as shown 
in Eq. (|ll|), the T-odd observables can be non-zero if the process involves a strong phase or 
absorptive part even without CP violating phases. Since both C^^^ [ii) include the absorptive 
parts, the terms in Eq. (|ll]) do not vanish in the SM. For Aii^^M.^^J'^TrL^L^'^' , one gets 

(-MS?-M£'^^ + TrL^L'^' (X (Imhg; - Imh^gl) e,,^pq^e*''{±)p'^P^ . (12) 

From Eq. (0), we find that Imhg*, - Imhg*, is only related to ImC^/^ {fx)Cl, and the 
dependence of ImCg^^ {^)CIq is canceled in Eq. ([T^). From Eq. (|^), we see that a nonzero 
value of ImCy^^{i2)Clo in the SM is an indication of the pure nonfactorizable effect. 

In order to write the differential decay rate with the K* polarization, we choose 
<0) = 7^i\PK*lO,0,EK*), e(±) = (0,l,±2,0)/v^, and pi+ = ^(1, sin^^, 0, cos^,) 
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with Ek* = {jn?B ~ ^'k* ~ '?^)/2v^ and = \J — in the rest frame and 

Pk = (1, sin6'A' cos 0, sin^ii" sin0, cos6'i^)mx*/2 in the K* rest frame where denotes the 
relative angle of the decaying plane between Kir and . We have that 



d cos 9 xd cos 9 id(f)dq^ 2^^7r^m| 



'-Br{K* Kit) 



B 



M7 



Acos^9K^in^9i \M^^ +smHKil + cos^9i) ^ HMf 

1=1,2 j=l,2 ^ 

- sin 29k sin 29i sin ^ Jm (A^+ - M;) A^°* - 2 sin^ 9k sin^ 0, sin 20 ^ Jm (A^+A<r* 

j=l,2 j=l,2 

+2sin2^xsin^,sin0(jmA<°(M+* + ;W^*) - Jm(A^+ + ;V/l^);W°*) + ...}, (13) 



Ml = J7' (^f2 + 2v/?^^/3l and Mi = Jq^ (±2 \pk* \ J^'fi + f'. 



where \p\ = ^ (m^ + m|^, — q"^)"^/ ~ and Ai^i'^ denote the longitudinal and trans- 
verse polarizations of K* , and their explicit expressions are given by 

rriK* " ' " rriK* 

respectively, where a = 1(2) while / = h{g). For simplicity, we just show the relevant terms in 
Eq. (|r^. The detailed derivation will be discussed elsewhere . Other distributions for the 
K* polarization and CP violating observables can be found in Refs. [|l^-|20||- From Eqs. ([TT| ) 



and (P), we know that Im{Mt -Mi)M^* and Im{MtMi*) are bom M^^^Mf^}^TrL^'L^'' 
while ImM\{Mt* + M2*) - Im{Mt + M7)Mf is induced by Mf^Mf^}^TrLi'L^i'' . In 
Figure 0, we show the effect of the various parametrizations on the differential decay rate 
after integrating over angles in Eq. (^3|). As seen from the figure, there are not many 
differences among the three scenarios except the result in (II) with the LD effect. Obvi- 
ously, by measuring the decay rate, one could not be able to tell which scenario of the LD 
parametrizations is favorable. 

In order to explore the possibility of extracting LD effects, we examine the observables, 
defined by 

r dV 

(O.) = / O,^ (14) 



where Oi are momentum correlation operators, given by 
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Api+><Pb\ Jpb X Pk\ 
Ol = ^ 2 2 3 , (15) 



• Pz+ X pk) {pb X Pi^) ■ {pi+ X pb) 

'-^Tl - 1^ |3 2 2 '^^"^ 



(Pb ■ Pk) {pb ■ Pi+ XPK) „x 

'^T2- 1^ |2 2 



with cux = vTiK*!'! and = \/(p/2. In the /T* rest frame, we note that Ol = 4sin^6'i — 
3 sin^ 9x, Oti = sin^ 9x sin^ 9i cos (p sin and Ot2 = cos 6';^ sin 9k sin 6^/ sin 0. Exphcitly, one 
has that 

i=l,2 

{Oti) oc J] /m(A<+A^r*) , 

i=l,2 

(0T2) OC JmA<?(A1+* + M^*) - /m(;W+ + 7Wr)^2* • (18) 

We note that the result from the first T-even (odd) term in Eq. (^) is similar to that from 
the second one. As shown in Eqs. (|TTp and (|T2p, the T-odd observables of (Oti,T2) in Eq- 
(p!8|) are related to ImCg^^Cj^^* and ImC^^^ Cl^, respectively. The statistical significances 
of the observables in Eq. (|14D can be determined by 

eAq^)= / . (19) 

In Figures || and ||, we show the statistical significances for Ori,T2 as functions of s for 
various cases. From these figures, we see that: (a) the effects on the T-even observable of 
(Ol) are large and the contributions to El from scenarios (I) and (III) are slight different 
from (II) around the first resonance region; (b) the contributions in the scenario (III) to the 
T-odd observables of {Oti,t2) are much smaller than the other two scenarios and those in 
(I) and (II) are almost the same except the region close to the first resonance; and (c) the 
effects of LD contributions to Eti are much less than 1% but those to Et2 are at the percent 
level. It is interesting to note that the differences on the results of (Oti(2)) between (I, II) 
and (III) are significant. Moreover, it is worth to emphasize that the results of Figure ^ 
are purely from nonfactorizable contributions. For example, in the SM, a signal of Et2 will 
directly reflect the nonfactorized effects. 



In summary, we have defined several momentum correlations as physical observables 
in B ^ K*l^l^ decays with the polarized K* to study the LD contributions in the SM. 
we have found that these observables are quite sensitive to the different scenarios of the 
LD parametrizations. In particular, we have illustrated that the nonfactorizable effect of 
B J I'^K* for the T-odd observable of {0x2} is non-negligible. Searching for {0x2} could 
distinguish various parametrizations of the LD contributions in exclusive heavy B meson de- 
cays. Finally, we remark that if there is new physics beyond the SM, such as the leptoquark 
and supersymmtric models, our results here can be treated as theoretical backgrounds and 
the new physics contributions to observables are easily at the level of 10% [|17 
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FIGURES 




FIG. 1. Effective WCs of (a) ReCg" and (b) ImCg" . The solid, dashed and dash-dotted hnes 
correspond to the scenarios of (I), (II) and (III), respectively. 



T 3 
pa 



0, 



i ri> 

i; 


1 ' 






t> 
ii 
fi 
/> 

1' 








/ 






- \ V 













'o 0.2 0.4 0.6 0.8 



s 

FIG. 2. BR of i? — > K*fi~^n~ as a function of s = /m?^. Legend is the same as Figure 1. 
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FIG. 3. The statistical significance of (Ol) as a function of s = /m?^. Legend is the same 
as Figure 1. 
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